Relationships between a number of measures of household energy use behavior are estimated using a unique dataset of approximately 5,000 households in ten EU countries and Norway. Knowledge of energy consumption and energy-efficient technology options is found to be associated with household use of energy conservation practices, but not with adoption of energy-efficient technologies. Household characteristics also influence household energy use behavior. Younger household cohorts are more likely to adopt energy-efficient technologies and energy conservation practices and place primary importance on energy savings for environmental reasons, while households with a high share of elderly members place more importance on financial savings. Education also influences attitudes towards energy conservation. Low education households indicate they primarily save electricity for financial reasons, while high education households indicated they are motivated by environmental concerns. Significant country differences also exist. Households in transitioning Eastern European countries generally have lower levels of energy-efficient technology adoption, but strong propensities to employ energyconservation practices, and place less importance on saving electricity for environmental reasons compared to households in Western European countries. EU policies to promote residential adoption of energy-efficient technologies and energy conservation practices must be sensitive to both cross-country and intra-county variations in household energy use behavior.
Introduction
The EU has set an indicative target for energy efficiency as part of the climate and energy package that includes binding 2020 EU27 targets for greenhouse gas emissions and renewable energy use (European Commission 2008 , European Council 2006 . The EU seems on track to achieve required 20 percent reductions in greenhouse Additional policy measures to enhance adoption can increase the energy efficient household appliance contribution to final energy savings to about 17 percent compared to business as usual in 2020.
In general, residential energy policies can be employed to both enhance the uptake of improved energy conservation practices (e.g. switching off lights when leaving a room, adjust indoor temperature at night, reduce heat in unused rooms, only use dishwasher and washing machines at full load, put lid on pots) and increase for adoption of energy efficient technologies (e.g. insulation of outer walls, attic, window glazing; energyefficient heating system; purchase energy efficient household appliances, office equipment or light bulbs). The formulation of effective and well targeted residential energy policies to increase both conservation and technology adoption must be based on a sound understanding of how technology adoption, conservation practices, energy use knowledge, and attitudes towards energy conservation are associated with household characteristics. In a diverse regional organization like the EU, it is also essential to identify country-specific differences in energy-saving technology adoption and energy conservation practices in order to generate an appropriate combination of common and country-specific policies. This paper employs a unique dataset of almost 5,000 households from eleven European countries (ten EU countries and Norway) to identify differences in residential energy efficient technology adoption and energy conservation behavior due to household characteristics and country of residence.
Relationships between household characteristics and household knowledge of energy use and energy-saving technologies and household attitudes towards energy conservation are also explored with the dataset.
The research is, to our knowledge, the first attempt to analyze residential energy conservation technologies, behavior, and attitudes jointly for a broad cross-section of European countries.
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The remainder of the paper is organized as follow. After a review of the literature in section two, section three lays out the empirical specification of the model. Section four provides a description of the data. Results are presented in section five and the final section discusses the main findings and concludes.
Literature overview
Household level analyses of the adoption of energy efficient technologies and conservation practices are rather scarce and are concentrated on the US, Canada, and several individual EU countries. Dillman et al. (1983) and Black et al. (1985) examine (primarily thermal) energy efficiency investments and adjustments in behaviour using surveys of the Western States of the US and Massachusetts, respectively, while Walsh (1989) and Long (1993) focus on the adoption of thermal energy measures for the entire US. Curtis et al. (1984) analyze technology adoption and behavioral practices aimed at reducing household thermal energy and electricity use in Regina (Canadian Province of Saskatchewan) and Fergusen (1993) analyses the adoption of retrofitting measures for all of Canada. Brechling and Smith (1994) and Caird et al. (2008) explore insulation, heat generation and lighting technologies in UK households. Barr et al. (2005) use data on selected technological measures and conservation practices related to household thermal energy and electricity use for the UK county of Devon. Poortinga et al. (2003 Poortinga et al. ( , 2004 include an extensive list of technological measures and behavioral practices associated with thermal energy and power use in the Netherlands, while Scott (1997) focuses on several technology measures (attic and hot water cylinder insulation and lighting) in a survey of Irish households. For Germany, Mills and Schleich (2010a) and Mills and Schleich (2010b) explore the adoption of energy-efficient household appliances 5 and of compact fluorescent light bulbs (CFLs), respectively. Finally, for Sweden Linden et al. (2006) consider a set of behavioral practices, Mahapatra and Gustafsson (2008) analyze the adoption of heating systems, while Nair et al. (2010) consider several thermal energy investments as well as behavioral practices related to electricity and thermal energy use.
Most studies find that adoption of energy efficient measures and behavioral practices are typically associated with costs (for investments and energy use), habits, and routines, which differ across measures, households and regions. Curtis et al. (1984) were among the first to point out that energy-savings measures may be distinguished in low-cost or no-cost measures which do not involve capital investment but rather behavioural change and high-cost measures which require capital investment and involve technical changes in the residence. Similarly, from a behavioural perspective it is much easier to change a singular investment decision such as purchasing a CFL than to change daily behaviour such as switching off lights after leaving a room (e.g. Gardner and Stern 1996) . Also, while energy savings resulting from technology adoption tend to have long run effects, behavioural measures may only have transitory effects (e.g. Abrahamse et al. 2005 ). Barr, Gilg and Ford (2005) also distinguish explicitly between habitual behaviour and technology adoption and stress that energy savings behaviour needs to be considered within the broader context of environmental behaviour. Adoption of energy efficient technologies and conservation measures is usually associated with reduced emissions of greenhouse gases and other pollutants that benefit others without compensating the energy savers. In this context, motives for energy savers" provision of a public good include altruism, empathy, the "warm glow of giving" (Andreoni 1990 ) and prestige (Harbaugh 1998 (Poortinga 2004 , Stern 2000 . In particular, attitudes do not directly determine behavior. Instead they affect intentions which in turn form people"s actions.
According to Ajzen and Fishbein (1980, p. 239) 
Education
Most studies suggest a positive correlation between education level and energy-saving activities, including the econometric analyses by Hirst and Goeltz (1982) , Brechling and Smith (1994) or Scott (1997) for energy efficient technology adoption. Exceptions include Ferguson (1993) and Mills and Schleich (2010a) . Among the reasons for a positive correlation are that education reduces the costs of information acquisition (Schultz, 1975) . Alternatively, education as a long term investment may be correlated with a low household discount rate and, thus, be positively associated with energysaving measures that require higher up front investment costs for energy cost savings that materialize over time. Attitudes towards the environment as well as social status, lifestyle (Lutzenhiser 1992 , Weber and Perrels 2000 , and belonging to a particular social milieu group approving of environmentally friendly behaviour (e.g. Brand 8 1997) also tend to be positively related with education. Torgler and Garçia-Valiñas (2007, p. 538 ) cite several sources suggesting that higher education levels are associated with higher preferences for environmental conservation.
Age and Household Composition
The majority of empirical studies analyzing the household up take of energy efficiency measures and practices control for age (of the household head), but only a few studies account for household composition by age groups. Older household heads may be less likely to adopt energy efficient technologies because the expected rate of return is lower than for households with younger heads. This line of reasoning is supported by the findings of Curtis et al. (1984) , Walsh (1989) , Poortinga et al. (2003) and Mahapatra and Gustavsson (2008) . On the other hand, younger households may be more likely to move and hence be less inclined to invest in energy efficiency improvements, in particular if these measures become an integral part of the built environment. Combining these perspectives, middle aged households should be most likely to adopt capital-intensive energy efficiency measures (e.g. Mills and Schleich, 2010a) , particularly if the technologies are structurally linked to the building. For measures with low up-front costs (e.g. light bulbs) and for behavioral measures the expected impact of age is less clear.
Lutzenhiser (2002) finds that older households are less likely to adapt behaviour while in Mills and Schleich (2010b) adoption intensity of energy efficient light bulbs increases at a declining rate with age. On the other hand, as suggested by Carlsson-Kanyama et al. (2005) , younger households tend to prefer up-to-date technology, which is usually also more energy efficient. In sum, the relationship between age and the take-up of energy savings measures is likely to be nonlinear and technology specific.
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Lower adoption of energy efficient technologies by elder households may also interact with the cohort"s fewer years of formal education, and lower levels of information on energy savings measures. For example, survey results by Linden et al. (2006) for Sweden indicate that younger people have better knowledge about energy-efficient measures than older people. Clustering individuals into different types, the findings by Barr et al. (2005) for the UK, and by Painter et al. (1981) and by Ritchie et al. (1981) for the US suggest that "energy savers" are older. Addressing environmental concerns directly, the studies by Whitehead (1991) and by European countries also observe a negative correlation between age and environmental attitudes/preferences. Similarly, according to Howell and Laska (1992) younger people in the US are more concerned about the environment than older people. However, as
Torgler and Garçia-Valiñas (2007) also point out, age effects need to be decomposed into a life cycle effect which stems from being in a particular stage of life, and into a cohort effect which results from belonging to a particular generation with generationspecific experiences, socialization, and economic conditions (e.g. "flower power generation" versus "baby boomers"). Thus, depending on the timing and the region of the survey, age may turn out to have quite different effects on households" adoption of energy-efficient measures. Young children in the household may also impact adoption, as parents may be more concerned about short and long run local and global environmental effects that will influence current and future wellbeing of their children. Dupont (2004) finds that the number of children is positively related to the adoption of energy-efficient technologies and conservation behavior, but Torgler et al. (2008) do not find children to generate a positive shift in parental preferences for environmental conservation.
Information
Households" information on energy consumption, conservation opportunities and the energy performance of technologies is expected to affect the adoption of energy-efficient technologies. Availability and quality of information about the levels and patterns of current energy consumption depends on the level of metering, the information content of utility bills, and households" willingness and ability to analyse this information. Similarly, households need to be aware of and able to evaluate energy efficiency opportunities (e.g. Schipper and Hawk 1991) . For example Scott (1997) observes that household knowledge about potential energy savings is associated with higher take-up of energy efficient technologies. Typically, labelling schemes such as those implemented in the EU and US for household appliances are cost-effective measures to overcome barriers related to information and search costs, or to bounded rationality on the part of appliance purchasers (Sutherland 1991 , Howarth et al. 2000 . Evaluation studies based on aggregate observed data find that the existing energy labelling programs for household appliances in the US, the EU and Australia are effective in terms of energy and carbon reductions (e.g. Sanchez et al., 2008; Lane et al., 2007; Banerjee and Solomon, 2003; Schiellerup, 2002; Bertoldi, 1999; Waide, 2001; Waide, 1998 Ek and Söderholm (2010) confirm that providing more concrete information on energy savings measures is likely to be more effective than rather general information. In sum, information may improve the level and the quality of knowledge on energy conservation measures, but improved information need not necessarily result in energy conservation.
Empirical specification
This paper focuses on establishing the empirical relationship between household decision variables (adoption of energy efficient technologies, use of energy conservation practices in the home, knowledge of level of energy use and energy saving options, and preferences for energy savings for environmental and for financial reasons) and household characteristics and country specific effects. Specifically, we econometrically estimate reduced form regression models employing these sets of dependent and independent variables.
Dependent Variable Measures
Household adoption of energy efficient technologies is characterized by two alternative measures. The first measure (buyind) is an index of adoption of energy efficient "white" appliances (refrigerators, freezers, dishwashers, washing machines, and dryers), office equipment, and light bulbs generated by factor analysis. White appliances account for about 25 percent of residential electricity use in the EU27, lighting for 11 percent, and computers for about 3 percent (Bertoldi and Atanasiu 2009, p. 13f) . In the EU all major white appliances are classified under a common energy labeling framework from most efficient (class A++) to least efficient (class-G). The index includes a measure of the energy class of the above mentioned major white appliances. Many households did not report appliance energy classes, either because the appliance was purchased before the rating system was implemented or because the energy class was not known by the respondent. Similarly, a household energy conservation index (effindex) is generated through factor analysis based on six indicators of energy conservation practices in the home. These practices are 1) fully loading the washing machine every time; 2) cooking frequently with a pressure-cooker; 3) turning off the lights every time a room is vacated; 4) turning off the TV when it is not being watched; 5) setting energy saving features on the computer monitor; and 6) setting energy saving features on the computer desktop.
Household attitudes toward energy savings are captured through household indicators of the stated importance of energy savings for environmental (greenhouse gas reduction) reasons (goalghe) and financial reasons (goalsav). Specifically, attitudes are measured by households indicating that they felt it was "most important" to save electricity for that reason.
By construction the indexes buyind, knowledge and effindex take on values between -1 and 1, while goalghe and goalsav are dichotomous.
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Independent variables
The independent variables employed to establish relationships with the above indexes are driven largely by data availability. Education is measured for the most educated member of the household as a continuous scale on the range of no high-school, highschool, trade or vocational school, and university. Household composition is measured by the number of members less than 12 years of age (lt12), the number of members 13 to 18 years of age (to18), the number of members 19 to 65 years of age (to65) 
Data
The study dataset is generated from the Residential Monitoring to Decrease Energy Use and Carbon Emissions in Europe Project (REMODECE) survey conducted in eleven countries in 2007. All countries used a common survey instrument that was translated into the local language. The goal was to survey at least 500 households in each country. However, there was considerable variation in country data collection strategies. 
Results
Two sets of regression results are presented. The first set includes each dependent variable as a function of all independent variables. The second set of regression results presents the technology adoption indexes and the energy conservation index as a function of all independent variables, as well as each other and the knowledge and attitudes indexes.
Results from the first set of regressions appear in The more narrow measure of household adoption of energy efficient technologies, the share of household bulbs which are CFLs (cflshare), generally shows a weaker association with household characteristics than for the broader multi-technology index.
Education is still positively associated with adoption, but the only household composition variable that remains significant is the positive association with number of children less than 12 years of age. Similarly, Denmark, France, and Norway no long show higher propensities to adopt energy efficient technologies (in this case CFL bulbs) than German age, and decreases with adults over 65 years of age in the household. However, all sample countries have a higher index than Germany after controlling for these characteristics. 4 The results suggest that in a cross-country perspective a high level of knowledge of energy use and available energy-saving technologies in a country does not imply the country will also show high propensities for energy conservation behavior.
This result could potentially arise from the "rebound effect", where households respond to increased energy efficiency with increased energy usage or decreased conservation and, thereby, offset some of the technology induced gains (Sorrell 2007 , van den Bergh 2011 .
In terms of attitudes, the propensity to state electricity savings is most important for greenhouse gas reductions increases with education. However, the propensity decreases with the number of children 12 to 18 years of age and number of adults over 65 years of age. Again, the result implies that stated environmental concerns are more prevalent among young to middle age household cohorts. Stated importance of electricity savings for green house gas reductions also appears to be lower in Eastern European countries, with Bulgaria, Hungary, and Romania expressing lower importance compared to Germany. On the other hand, the stated importance of electricity savings for greenhouse gas reductions tends to be higher in The Czech Republic, Denmark, France, Greece, and Portugal than in Germany.
The results look very different when estimating associations with the stated importance of electricity reductions for financial savings. impact, while the number of adults in the household has a negative impact. The strong propensity for German households to show a lower index of energy conservation practices compared to households in other countries also remains. Unlike for technology adoption, the knowledge index has a positive impact on the household energy conservation index (albeit significant at the p=0.10 level). Not surprisingly, the energy efficient technology adoption index is also positively related to the household energy conservation index. This result suggests the "rebound effect" may not be strong.
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The indicators for stated importance for greenhouse gas reductions and financial savings in electricity conservation also continue to have positive coefficients.
Discussion and Conclusions
The regression models employed in this analysis are reduced form in nature and appropriate caution should be employed in attributing causality rather than correlation to parameter estimates. However, several findings have important implications for the design of residential energy policies in Europe. First, knowledge of household energy consumption and energy-efficient technology options is weakly associated with household energy conservation practices, but is not associated with household adoption of energy-efficient technologies. Thus, information campaigns focused strictly on the energy saving characteristics of improved energy efficiency technologies may have a limited impact on diffusion.
On the other hand, strong environmental and financial concerns of households for energy savings can both be used to motivate energy efficient technology adoption. But the results suggest that environmental and financial concerns are associated with different education -income groups. Low education (and presumably low income) households are primarily motivated to save electricity for financial reasons. Household energy conservation and energy-efficient technology adoption campaigns targeted at households with low education and low income levels should, therefore, highlight the financial savings associated with the adoption of improved energy conservation practices and energy efficient technologies. Financial subsidies may also provide disproportionally strong incentives for these households. Higher education -income groups are more motivated to save energy by environmental concerns. Thus, energy conservation and energy efficient technology adoption programs targeted to higher education -income groups should focus on highlighting the positive environmental spillovers associated with reduced energy consumption.
As expected, young and middle-aged household cohorts are more amenable to energyefficient technology adoption and energy conservation practices than households composed primarily of older adults. Energy savings attitudes also appear to differ with the age structure of households. Households with younger children place greater importance on energy savings for environmental reasons and households with a greater share of elderly place greater importance on financial savings. Again, this suggests different mechanisms may need to be developed to promote household energy-efficient technology adoption and energy conservation across age-cohorts.
Finally, the results highlight the fact that despite a broadly compatible framework of energy policies across EU countries, significant cross-country variation remains in propensities to adopt energy-efficient technologies and implement energy conserving practices in the home. Households in Eastern European countries generally show lower levels of household energy-efficient technology adoption when compared to Germany and other Western European countries, this may stem in part from later implementation of energy labeling frameworks. Households in Eastern European countries also place less importance on electricity savings for environmental reasons. East -West differences in the use of energy conservation practices appear to be less pronounced, although conservation may again stem from different motivations in the regions. Overall the results suggest that effective EU policies to promote residential energy-efficient technology adoption and energy conservation must be sensitive to country differences.
A major challenge will, therefore, be to generate a set of uniform EU energy policies that 26 remain flexible enough to address country specific constraints to the household adoption of energy conservation practices and energy efficient technologies.
